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ABSTRACT

We now stand at a critical juncture for rheumatic fever (RF) and rheumatic heart disease (RHD) control. In recent
years, we have seen a surge of interest in these diseases in regions of the world where RE/RHD mostly occur.
This brings real opportunities to make dramatic progress in the next few years, but also real risks if we miss
these opportunities. Most public health and clinical approaches in RE/RHD arose directly from programmes
of research. Many unanswered questions remain, including those around how to implement what we know
will work, so research will continue to be essential in our efforts to bring a global solution to this disease. Here
we outline our proposed research priorities in RF/RHD for the coming decade, grouped under the following
four challenges: Translating what we know already into practical RHD control; How to identify people with
RHD earlier, so that preventive measures have a higher chance of success; Better understanding of disease
pathogenesis, with a view to improved diagnosis and treatment of ARF and RHD; and Finding an effective
approach to primary prevention. We propose a mixture of basic, applied, and implementation science. With
concerted efforts, strong links to clinical and public health infrastructure, and advocacy and funding support from
the international community, there are good prospects for controlling these RF and RHD over the next decade.
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INTRODUCTION

We now stand at a critical juncture for rheumatic fever
(RF) and rheumatic heart disease (RHD) control. There
have been three surges of activity in RE/RHD research
and control over the past half-century. The first began
in North America and Europe in the mid-20™ Century,
during which we learned most of what we now know
about primary and secondary prevention. This was
followed by more global interest during the late 20™
Century, when the World Health Organization (WHO) and
the International Society and Federation of Cardiology
(subsequently known as the World Heart Federation,
WHEF) established their Global Programme on Rheumatic
Fever and Rheumatic Heart Disease (which was disbanded
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in 2001) and the WHO established their network of
Streptococcal Collaborating Centres. The first decade
of the 21t Century saw RF/RHD research and control
steadily recede from the global public health agenda.
During this time, support for the development of a group
A streptococcal (GAS) vaccine was downgraded in priority
by the WHO and the Bill and Melinda Gates Foundation,
and the WHO, aside from producing an update of their
excellent reference document about RE/RHD (Technical
Resource Series document 923)M and supporting some
research around treatment of streptococcal pharyngitis,?!
has been notably inactive in this field. A review of the
WHO'’s activities in controlling GAS diseases (by one
of us—-Carapetis) in 200485 produced a number of
recommendations for mobilizing the WHO in this field,
but none of these were implemented.

Despite this, we are currently witnessing a new surge in
activity, which differs from those in the 20™ Century in
that it is largely driven from parts of the world where
RF/RHD mostly occur. Research, as well as public health
programmes and political advocacy, are now centered in
developing countries and those subpopulations within
middle- and high-income countries where high burdens
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of disease still exist (in these latter categories, we give
as examples the work happening in poorer regions of
Brazil and South Africa and the indigenous populations
of Australia and New Zealand). This has been a long time
coming. The leading institution in global RF pathogenesis
research is now in Brazil; a new African approach to
RHD control (called ASAP--Advocacy, Surveillance,
Awareness, and Prevention!®’) involves many countries
and is led out of South Africa; programmes to promote
surgery and screening for RHD are being established
in Mozambique, Rwanda, and Ethiopia; there is a new
RE/RHD partnership between India, South Africa, and
Brazil; a world-leading programme of RHD control in
Pacific Island nations has individuals from Tonga, Fiji,
and Samoa at the helm; in India, numerous people are
working to advance the field, and the list goes on.

This activity is also having an effect on global
organizations. Since the early 2000s, the WHF has made
a major commitment to leading the charge on RHD
control, taking the mantle from the WHO, and supporting
programmes in the Pacific, Africa, establishing an
international web-based resource in RFE/RHD (RHDnet -
see www.worldheart.org/rhd), and in their most recent
strategic plan, committing to “Eliminating rheumatic
fever and minimizing the burden of rheumatic heart
disease.” But even the WHO appears to be listening; for
example, the next step in progressing the global effort
to produce a GAS vaccine will be a workshop hosted by
WHO in June 2011.

So, it seems that are real opportunities to make dramatic
progress in the next few years, but also real risks if we
miss these opportunities. The challenge is to use this
renewed attention to demonstrate what we have been
saying all along--that RF/RHD can be controlled if
only we can raise awareness, undertake advocacy, and
mobilize political will. The funding required is relatively
meager by international standards-——most RHD control
programmes can be run for only a fraction of the cost of
performing heart valve surgery on severe RHD patients.!”!

It is also important that we do not claim to have all of
the answers, and thus ignore the importance of research.
Indeed, most public health and clinical approaches in
RE/RHD arose directly from programmes of research.
Many unanswered questions remain, including those
around how to implement what we know will work, so
research will continue to be essential in our efforts to
bring a global solution to this disease.

Here, we present a summary of the four major challenges
that need to be addressed in the next decade (see Table 1).
We note that little of this is new, and indeed many of
these topics are already being tackled by individuals and
consortia around the world. If we do all this, there is a
good chance that we will dramatically reduce the burden
of both ARF and RHD, foment a global approach that
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allows countries to learn from each others’ experiences,
increasingly place RHD control on the international
agenda, and progress GAS vaccine development to the
point where we move to clinical trials of promising
combination vaccines.

CHALLENGE 1: TRANSLATING WHAT WE
KNOW ALREADY INTO PRACTICAL RHD
CONTROL

Improving uptake of proven rheumatic heart disease
control strategies around the world

It is universally accepted that the most cost-effective
approach to RHD control is delivery of secondary
prophylaxis and improved clinical care of ARF/RHD
patients using register-based RHD control programs.t#
Yet, despite the WHO and the WHF recommending these
strategies, there has yet to be established a sustained,
national program in any developing country. There are
examples of successful RHD control programs in some
jurisdictions within countries (e.g., the Pinar del Rio
region of Cuba,!"8! and around Chandigarh in northern
Indial®’). There have also been excellent examples of
implementation of register-based control programs as
components of broader “comprehensive” strategies (e.g.,
the French Caribbean!'?l),

Yet, currently, there are only two large countries that
continue to implement register-based RHD control
programs widely. New Zealand introduced RHD
registers more than two decades ago, with considerable
success, leading to dramatic reductions in the rate of
acute rheumatic fever (ARF) recurrences.!!'!l Australia
introduced a National RF Strategy in 2009, which
includes core national funding for control programme
staff in key jurisdictions and the unique approach of a
national coordination unit.

The progress in Pacific countries shows promise. With the
help of the WHEF, Fiji and Tonga have established RHD
control programmes that are now embedded as part of
the health structure and have the right ingredients for
long-term sustainability. The challenge is to understand
better how to fast-track the uptake of RHD control
programmes in other developing countries.

This is a form of implementation science, and explores
the boundaries between research and advocacy. It could
be seen as having two components: The creation of a
global RHD agenda, and construction of a platform for
information sharing between affected countries. The
key elements will include establishing the need for
a control strategy by demonstrating disease burden
and the potential benefits of a preventive approach;
communicating the evidence that proves the value of
the control approach to key decision makers using
appropriate and effective channels; and ensuring that
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there is adequate support (technical support, resources
such as registers and educational materials, and reliable
supplies of high quality penicillin) for countries that
choose to implement control strategies.

New approaches to integrating centralized control
programmes with primary care and with overall
chronic disease care

RHD control programmes currently undertake little in
the way of preplanned interactions with primary care
staff. So far, nobody has outlined the most effective way
that programme staff can provide support to primary
care staff that improves service delivery. Moreover, in
a world where the artificial dichotomy between vertical
and horizontal programmes can be constraining, we need
models of “diagonal” programming, whereby the essential
centralized component that monitors and promotes
RHD care can integrate with more horizontal chronic
and noncommunicable disease care on the ground,
particularly in health centers, and possibly including
community-based care through the roles of community
health workers and/or noncommunicable disease nurses.

Using rheumatic heart disease registers to
understand disease outcomes

With a few exceptions, the paucity of population-
based RF/RHD data found in the previous attempts at
measuring the global disease burden persists today.['213]
More widespread, and better used, RHD register data
would allow us to construct sequential cohorts to track
mortality, morbidity (including levels of heart failure,
severity on echo, ARF recurrences), and outcomes of
valve surgery, analyzed by age group, presence of
carditis or chorea at presentation, level of RHD severity
at presentation, and location and level of adherence to
benzathine penicillin G (BPG).

How to improve delivery of secondary prophylaxis

Although there is evidence that establishing register-
based control programmes will, in itself, lead to improved
adherence with secondary prophylaxis regiments, we are
still largely ignorant of the specific ways to dramatically
improve the proportion of scheduled benzathine
penicillin G injections that are actually delivered. There
are remarkably few studies of this. Some subthemes here
are as follows:

Understanding determinants of adherence

We need qualitative and quantitative research to better
understand perceptions and knowledge of patients,
families, and health staff about ARF/RHD and secondary
prophylaxis, and practices used by staff and local health
systems to deliver care, beyond the small studies available
to date.l+131

Trials of new strategies to improve adherence
Promising strategies from the above studies could then
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be trialled at the primary care level. There will likely be
a range of designs, depending on the setting and level
of health center. Where possible, we need controlled
trials which could be in the form of staged rollouts
(e.g., stepped-wedge designs) or randomized controlled
trials. Some elements that, based on current knowledge,
could be considered include (either stand-alone or in
combination) implementation of continuous quality
improvement approaches,*® allocating responsibility
for RHD care to particular primary health center staff,
streamlining care in clinics so that people are not kept
waiting for routine injections, implementing an active
recall process (which might include mobile phones or
text messages), using information technology to track
patients from mobile populations in order to continue
prophylaxis at other centers, delivering BPG injections in
homes and schools, intensive training for health center
staff on RHD management including pain-minimizing
injection techniques, patient empowerment strategies
such as hand-held records or prescriptions, and use of
community mobilization (including community workers,
patient support groups).

Developing ways to monitor quality of benzathine
penicillin G. There are problems with both the consistency
of supply and quality of benzathine penicillin G around
the world. There are a number of studies documenting
that different batches from suppliers may have variable
pharmacokinetic properties, and the batches may vary
physically (e.g., some are very difficult to draw up into a
syringe and administer).['7-211 Tt is clear that many forms
of benzathine penicillin G presently used around the
world do not reliably lead to adequate serum penicillin
levels after 28 days. The consequence of this problem is
that people continue to have recurrences of ARF despite
adhering to regular benzathine penicillin G injections.
It is not clear that there are clear global guidelines or
standards for the manufacture of this medication, or
that there are mechanisms for assuring the quality of
the product. Benzathine penicillin G is on the Core List
of Essential Medicines for developing countries, so it is
critical that we find a solution to this problem.

Implantable penicillin

An implantable form of penicillin could be a major
advance. Naltrexone implants provide a promising
model, given that the equivalent daily dose is
similar to what would be required for penicillin.l??!
There would be no problem recruiting participants
in clinical trials of a penicillin implant, given the
hundreds of thousands of patients around the world
currently receiving 3- or 4-weekly benzathine penicillin
G injections.

Effectiveness of comprehensive programmes for
rheumatic heart disease control

Successful comprehensive strategies overseas have
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included registers, support to improve clinical care and
delivery of secondary prophylaxis, emphasis on primary
prevention (sore throat and skin sore treatment), raising
awareness of the symptoms of ARF and the need to seek
medical care, improving knowledge of ARF/RHD, their
management, and control among health staff, and broad
awareness campaigns in the general community.[0.23
This comprehensive approach has never been tried in
most countries, and requires widespread implementation
and evaluation, particularly to determine the cost, cost-
effectiveness, practicality, and sustainability of scaling-
up programmes beyond individual communities and
small regions.

The burden and economics of RHD and its control

To date, there have been only two economic analyses of
RHD control, both conducted by the same World Bank
group, relying largely on data collected in the USA in the
mid-20™ century.?*?51 We need comprehensive disease
burden estimates (using DALYs) and thorough analyses
of the costs of ARF/RHD to model the cost-benefit and
cost-effectiveness of different approaches to RF/RHD
control. The results will not only be valuable for health
policy making and service planning (including planning
for GAS vaccines), but will also be adapted into a simple
costing model for more widespread use in developing
countries.

The role of cardiac surgery for RHD in developing
countries

Middle-income countries such as South Africa, India, and
Brazil have a growing capacity for cardiac surgery as well
as capabilities to assist lower-income countries to operate
on RHD patients. The availability of in-country cardiac
surgery is increasing in some lower-income countries as
well. In addition, prosthetic valve replacement potentially
carries with it significant morbidity and mortality, with
devastating complications occurring due to infection,
and hemorrhage or thrombosis related to difficulties
in managing anticoagulant therapy.?*2?8 There are two
categories of further work raised by these issues, :

How to improve the availability and long-term
outcomes of life-saving cardiac surgery for RHD
in resource-poor settings, including outlining the
most effective forms of surgical (and nonsurgical)
interventions, and improving ongoing management
to reduce complication rates.

How to ensure that valuable resources are not devoted
mainly to cardiac surgical treatments at the expense
of public health-focused prevention and control
programmes. There are many countries that devote
substantial proportions of their health and aid budgets
to surgical treatments for patients with severe RHD, yet
do not have effectively functioning RHD prevention and
control programmes in order to reduce the flow of new
candidates for surgery.” We have heard some claim that
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an initial focus on cardiac surgery can be a mechanism
for interesting policy makers and donors in the RFE/RHD
issue, with a view to subsequently leveraging further
support for prevention programmes. Successes in this
approach need to be documented, if it is to continue to
be argued.

CHALLENGE 2: HOW TO IDENTIFY
PEOPLE WITH RHD EARLIER, SO
THAT PREVENTIVE MEASURES HAVE A
HIGHER CHANCE OF SUCCESS

It is the unfortunate reality that most new patients
entered onto ARF/RHD registers have already developed
significant rheumatic valvular lesions. A major challenge,
therefore, is to identify people with RHD early in the
natural history of their illness, during a phase that often
lasts many years when most cases are asymptomatic, so
that preventive measures (secondary prophylaxis) can
be instituted with the greatest effect. It is known that
secondary prophylaxis delivered to people with mild
RHD results in the vastmajority having no detectable
disease 5 to 10 years later.?*3% The only way to identify
asymptomatic cases is to conduct screening. We and others
are increasingly demonstrating that echocardiographic
screening is preferable to auscultation,?-33 but many
unanswered questions remain before this can be
routinely advocated.

Standardization of echocardiographic screening for
rheumatic heart disease

There is currently an international collaboration founded
on a process used by the WHO to standardize the reading
of chest radiographs to diagnose pneumonia.B4 The
aim is to share screening echocardiograms through
a web-based interface, to compare interpretations by
cardiologists and others around the world, with a view
to making echo reading as objective as possible. The
aim is for all echo readers to undergo training using a
standard set of echocardiograms and agreed diagnostic
criteria, with measurement of inter- and intraobserver
variability before proceeding to read new screening
echocardiograms.

Evidence-based diagnostic criteria for rheumatic
heart disease

In 2005, a joint NIH-WHO working group developed
standardized surveillance protocols for GAS diseases,
which included a diagnostic definition of RHD on
echocardiogram (see www3.niaid.nih.gov/topics/
streptococcal/default.htm). This was a consensus
definition based on opinion of an expert group, because
of the absence of data. Since that time, however, there
have been studies in which large numbers of children
have undergone echocardiography in Australia, Fiji,
New Zealand, South Africa, Mali, Nicaragua, Cambodia,

7



Carapetis and Zuhlke: Research priorities in ARF

and Mozambique.B!331 The global collaboration needs
to consolidate these data to develop evidence-based
diagnostic criteria for RHD on echo.

Determining the significance of subclinical carditis

There is concern that the extremely high rates of
subclinical RHD being found in some studies--often
ten times more that found by relying on the presence
of a significant cardiac murmur--has not been proven
to represent true RHD, and that expansion of screening
before this question is answered may lead to thousands
of healthy children being offered long-term secondary
prophylaxis. Conversely, this may indeed represent
a massive undetected burden of RHD, but we have
no confirmation that these cases are truly part of the
spectrum of clinical RHD, that they may potentially
progress to clinical disease, and that they would
benefit from secondary prophylaxis. To provide this
information, an international collaboration is needed
to follow-up children with subclinical carditis detected
in the current round of screening studies to determine
progression of RHD and recurrence rates of AREF,
stratifying results by level of adherence to secondary
prophylaxis. Potentially, this could progress to a
randomized controlled trial of secondary prophylaxis
in children with subclinical carditis, although such a
study would have substantial logistical and, potentially,
ethical hurdles.

Determining the cost-effectiveness of screening,
and making it practical and affordable

All of this information needs to be compiled in an
objective case for screening, complete with economic
analysis. If screening is warranted, the challenge then
is to make it practical and scalable in developing
countries. In all countries, routine screening of school-
aged children is not feasible if it relies on highly trained
echocardiography technicians using expensive portable
machines. We need to explore the potential for nurses
or even community health workers to be trained in
this technique. These studies need to be expanded to
determine to what level inexpert echocardiographers
can be trained, what features of RHD on echocardiogram
could be detected using this approach, and what
technical specifications would be required of a screening
machine. The aim would be to generate guidelines
for screening accompanied by training curricula for
inexpert screening echocardiographers, and an economic
analysis to determine the cost per case detected in
different settings. Finally, perhaps with the support of
an international funding agency to obtain an advanced
market commitment or negotiating reduced prices for
developing countries, industry could be commissioned to
produce an inexpensive portable echocardiogram and/
or refine the newer hand-held machines for the purposes
of mass screening.

8

CHALLENGE 3: BETTER UNDERSTANDING
OF DISEASE PATHOGENESIS, WITH A
VIEW TO IMPROVED DIAGNOSIS AND
TREATMENT OF ARF AND RHEUMATIC
HEART DISEASE

A better understanding of ARF/RHD pathogenesis
is critical to developing preventive and therapeutic
interventions. Current approaches to diagnosis and
treatment of ARF have their foundations in the mid-
20" Century.®! The Jones Criteria have been revised
and updated several times, and some countries have
adapted them for their own circumstances,®3¢ but
there continues to be cases of under- and overdiagnosis,
often with tragic consequences.?”l Moreover, there is
no intervention currently available that is known to
alter the potential for RHD to develop following an
episode of ARFE.B! Studies of immunomodulatory agents
were largely undertaken several decades ago, or more
recently have been relatively small and/or based on a
crude understanding of ARF pathogenesis.[8 Similarly,
attempts to develop a diagnostic test for ARF have been
unsuccessful, and have largely relied on relatively crude
tests of antibodies to a range of cardiac antigens that are
potentially cross-reactive with GAS epitopes.3!

Immunology of ARF and rheumatic heart disease

We need prospective, active recruitment of ARF cases
with a view to using recent technologies to unravel the
mysteries of the pathogenesis, particularly the immune
response, of ARF. Using standardized data collection forms,
each case would undergo thorough immunophenotypic
profiling, drawing on the latest understanding of other
autoimmune diseases as well as the latest technologies.
A range of appropriate control patients would also need
to be recruited, including healthy controls, patients with
other GAS diseases, and patients with other inflammatory
diseases. These studies could hopefully lead to subsequent
multicenter clinical trials of promising therapeutic and
diagnostic tests. We can also make more use of valve tissue
from people with RHD undergoing surgery, particularly
as younger patients are increasingly having valve repairs
performed, which makes available more useful tissue for
immunological studies.

Genetics of ARF/rheumatic heart disease

There is an inherited susceptibility to ARF“| but the
basis for this susceptibility has yet to be clarified.*!! We
have never sought genetic markers for ARF/RHD using
modern techniques. The aim should be to interrogate as
many immunological loci across the genome as possible,
in as fine detail as possible, for associations with RE/RHD.
Over the last few years, accurate genetic assessment of
large groups of individuals has been achieved through
highly scalable microarray platforms that analyze
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thousands of samples at millions of genomic loci. We
need to use these techniques to determine if there are
areas of the human genome with polymorphisms highly
associated with ARF/RHD, with a view to sequencing and
further studying those areas of the genome to identify
the nature of host susceptibility, and of course provide
information about the features of the autoimmune
response that is the basis of ARF. Ideally, this should
be performed as part of an international consortium
that can share protocols and compare data. Given the
highly marginalized populations that suffer RF/RHD,
a critical element of these studies must be extensive
community consultation, developing and piloting of
informed consent materials (including genetic literacy
tools), and development of solid, long-term governance
structures to ensure that genetic material and resulting
data are not misused, and that the benefits of any such
research, including commercialization, flow back to the
populations in which the studies were conducted.

CHALLENGE 4: FINDING AN EFFECTIVE
APPROACH TO PRIMARY PREVENTION

A vaccine for rheumatic fever

In March 2010, the new Hilleman Institute (a collaboration
between the Wellcome Trust and Merck, having
established an institute in India charged with developing
vaccines for less-developed countries) convened a
meeting to determine if their first priority vaccine would
be for GAS. The meeting was a turning point for GAS
disease control. It quickly became clear that GAS vaccines
would not be chosen, for the following three reasons:
1. Avaccine was not sufficiently close to phase III trials;
2. The global GAS community has not worked
sufficiently collaboratively; and
3. Thecurrentunderstanding of theimmunopathogenesis
of GAS diseases, particularly RF/RHD, is crude, and
investigators have not taken advantage of the latest
technologies.

Despite these sobering points, there were some positive
outcomes of the meeting, :

It was widely agreed that a GAS vaccine is probably
going to require a number of antigens, and there was
willingness from those present to pool their expertise
and intellectual property to identify the lead antigens
to be incorporated into a combination vaccine.

The first steps were taken to form a global GAS vaccine
consortium with a view to identifying the right vaccine
composition and developing the immunological assays, as
well as developing a better understanding of epidemiology,
disease burden, and determinants of protection.

This work is critical, and requires international
coordination as well as funding.
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The role of primary prophylaxis of streptococcal
sore throat

There is a disagreement internationally around the way
in which primary prophylaxis should be incorporated
into control strategies.[**#51 Everyone seems to be in
agreement that promotion of sore throat diagnosis and

TABLE 1: GLOBAL RESEARCH
PRIORITIES IN RHEUMATIC FEVER AND
RHEUMATIC HEART DISEASE

Challenge 1: Translating what we know already
into practical RHD control.

e Improving uptake of proven RHD control strategies
around the world

e New approaches to integrating centralized control
programmes with primary care and with overall
chronic disease care

e Using RHD registers to understand disease
outcomes

e  How to improve delivery of secondary prophylaxis
o Understanding determinants of adherence
o Trials of new strategies to improve adherence
o Developing ways to monitor quality of

benzathine penicillin G

o Implantable penicillin

e Effectiveness of comprehensive programss for RHD
control
The burden and economics of RHD and its control
The role of cardiac surgery for RHD in developing
countries

Challenge 2: How to identify people with RHD
earlier, so that preventive measures have a higher
chance of success

e Standardization of echocardiographic screening
for RHD

e Evidence-based diagnostic criteria for RHD
Determining the significance of subclinical carditis
Determining the cost-effectiveness of screening,
and making it practical and affordable

Challenge 3: Better understanding of disease
pathogenesis, with a view to improved diagnosis
and treatment of ARF and RHD

e Immunology of ARF and RHD
e  Genetics of ARF/RHD

Challenge 4: Finding an effective approach to
primary prevention

A vaccine for rheumatic fever
The role of primary prophylaxis of streptococcal
sore throat

e The role of controlling skin infection
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treatment within existing primary healthcare systems
is important, although it is not clear how this should
be done. Increasingly, there are calls to accept that
microbiological diagnosis of GAS pharyngitis is not likely
to be practical or affordable in most developing countries
for the foreseeable future, so the ongoing debate about
the best clinical algorithms to use, and the relative roles
of oral or intramuscular penicillin continues.

Another debate is around the role of systematic sore
throat screening and treatment programmes in schools
or communities, with one side claiming that there is
sufficient evidence to promote this approach#! and the
other claiming that the evidence of efficacy, effectiveness,
and cost-effectiveness is insufficient to recommend
it.*31 We are of the belief that the existing evidence
is insufficient, that a more definitive study would be
logistically difficult and expensive, and further that,
even if it were proven to be effective, such a strategy
would be difficult to implement and most unlikely to
be affordable in low-income countries. Therefore, we
suggest that further research in this area is not perhaps
as high a priority as other topics outlined here, and that
research into primary prophylaxis should focus on ways
of integration into existing primary care systems.

The role of controlling skin infection

There is circumstantial evidence from the Aboriginal
population in Australia that skin infection may play a role
in RF pathogenesis“” which, in turn, raises the possibility
that community-based programmes to reduce rates of
impetigo and underlying scabies--increasingly being
studied and demonstrated to be effective*¥l-—may provide
an avenue to large-scale primary prevention of RF/RHD.
However, for now, this remains only hypothetical. But
this deserves further research, potentially by testing
more intensively the hypothesis that streptococcal skin
infection might, directly or indirectly, have a causative
link with RF, or through intervention studies using either
controlled trials or observational studies to map the rates
of skin infections against rates of RE/RHD and monitoring
changes over time.

In conclusion, we have outlined four key challenges
to guide current research priorities in RF/RHD. The
major challenge, however, is not to miss the very real
opportunity that now exists to translate current and
future research into concrete action. It is clear that with
concerted efforts, strong links to clinical and public
health infrastructure and with strengthening advocacy
and renewed international funding support, we have
good prospects of controlling RF and minimizing the
burden of RHD over the next decade.
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